those cases where the otological examination had shown past or present ear disease, or where the history warranted it, were pure-tone audiograms made. In this way it is possible that a number of cases of small sensorineural loss were overlooked, but this is not germane to the present paper. The criterion laid down for regarding a loss of hearing as significant was a threshold of 20 dB or more in either ear at any frequency from 250-4,000 Hz.
Results ofTests
In Table 1 below are set out the number of pupils screened and the number failing these tests and having significant losses as established by puretone threshold tests. Boys and girls have not been set out separately as no significant statistical differences were found between the sexes.
It is suggested that the incidence of hearing loss at the 5-year-old level is likely to be greater than the figure quoted above. The reasons for this are:
(1) A number of absentees from the screening tests.
(2) The number who failed to attend for diagnostic tests. (3) The procedure, noted above, that was followed in some cases. Indeed, an extrapolation of the results taking these factors into account would suggest a possible incidence of hearing loss in this group of 6 %.
The classification of etiology as determined by history and otological examination is also given in Table 1 . Mr Kenneth Harrison comments on these figures (this page) but two outstanding facts are the very high proportion of cases with exudative otitis media and the decrease in numbers from the age of 5 years to the age of 13 years. It should also be noted that screening tests only identify children with hearing losses on the day that the test was given and, further, that children with ear disease but no hearing loss would not be identified by these tests.
Follow Up
An attempt has been made to follow up the children who had a conductive hearing loss. This was done after an interval of four years as we were interested in seeing what had happened to them during this period, and in particular to review the status of their hearing. Of the 79 cases in the original 5-year-old group 60 were seen, the remainder having left the district, moved to unknown addresses or failed to attend. A comparison of their hearing losses over this period of time is given in Table 2 . An attempt is also being made to follow up the cases of previous exudative otitis media.amongst the children born in 1950. In Table 3 children listed as normal have hearing levels of 15 dB or less. In some cases this showed an improvement of 30 to 40 dB. Children who had 'improved' included, for example, those whose thresholds improved from 40 to 20 dB and from 45 to 30 dB. About half now have thresholds of less than 25 dB, the remainder have thresholds of 25 dB or more. In recent years three long-term studies of cases of exudative otitis media have been carried out. First of all is the one described by Dr T J Watson in the previous paper (p 455). In this field study the cases were discovered in the schools by a screening test of hearing rather than by referral to hospital from school medical officers and practitioners. The children tested were at the beginning and end of school life and the incidence of exudative otitis media is shown in Table 1 of Dr Watson's paper.
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Secondly, 180 children in my practice were diagnosed with this condition and followed up between the years 1961 to 1966. The average age when a child was first seen was 51 years, the youngest being 6 months and the eldest 13 years. It was rare for children to be seen for the first time at the age of 10 years or over.
Thirdly, a large group of children (551) have been dealt with during the period 1965-7 in the Ear, Nose and Throat Department of the Manchester Royal Infirmary.
As a result of these studies, valuable information has been acquired on the incidence of exudative otitis media, its natural history and what may and actually does happen in long-term follow up. From the experience and knowledge gained, the following long-term possibilities may occur:
(1) Resolution with normal or near normal hearing.
(2) Resolution with conductive deafness resulting from adhesive otitis media. (3) Chronic suppurative otitis media with or without cholesteatoma formation.
Careful clinical examination of the external auditory canals and tympanic membranes is very important and the Zeiss microscope is most helpful.
Normally, there is active growth of the squamous epithelium on the surface of the tympanic membrane and deep meatal walls. The epithelium migrates outwards and eventually desquamates in the cartilaginous part of the external auditory canal. This natural behaviour of the epithelium was described by Stinson (1936) and more recently by Alberti (1964) . Alberti stated that an inflammatory stimulus speeds up the formation of cells which desquamate before migration can carry them to the exterior. In exudative otitis media the radial and annular vessels of the tympanic membrane are markedly injected and there is a marked exaggeration of the normal behaviour of the epithelium. The skin changes can and do revert to normal when the exudative otitis media resolves satisfactorily.
Examination of the tympanic membrane shows the following changes: At an early stage the membrane may have an almost normal appearance, but on close observation the annular and radial vessels are seen to be injected. Later the membrane often assumes a yellowish hue.
A not infrequent finding when the child is first seen is 'collapse' of the membrana flaccida or the posterior part of the membrana tensa and often both of them together (Fig 1) . This 'collapse' results from the negative pressure that develops within the middle ear following obstruction of the eustachian tube. The collapsed membrane has a thin and transparent appearance, so much so that structures within the middle ear can be very clearly seen, such as the neck of the malleus, the long process of the incus, the head of the stapes and stapedius muscle, the promontory and the round window niche. These collapsed areas of tympanic membrane are often and wrongly thought to be perforations. At this stage examination with the Zeiss microscope provides very accurate definition of the changes present. It is my belief that this stage of 'collapse' is a critical one in the natural history of the condition and it may be temporary or permanent.
In a small number of cases the tympanic membrane is bluish in colour and, in fact, is referred to as the 'blue drum'. In these cases the exudate within the middle ear is thick and oily in consistency and darkish in colour. At this stage, velvety granulations are present within the middle ear and mastoid segments and are referred to as 'cholesterol granuloma'.
From experience it is known that cases of exudative otitis media can resolve without any active form of treatment.
Treatment
If treatment is undertaken, the aim is to try and restore the normal function of the eustachian tube and maintain equal pressure on both sides of the tympanic membrane. The conventional method is to remove enlarged adenoids, more commonly enlarged tonsils and adenoids, and to deal with any sinus infection that may be present. If the condition is diagnosed at an early stage, that is before 'collapse' of parts of the drum head has occurred, resolution usually takes place. Following operative treatment, politzerization may be very useful in aiding the entry of air to the middle ear. Myringotomy may be performed in order to drain an effusion. It is not a new form of treatment, as it was performed a hundred years ago by Politzer (1867) and Hinton (1869). Unfortunately, a myringotomy incision does not remain open for a sufficient length of time to ventilate the middle ear adequately. Milligan (1921) appreciated this and advised making a small durable perforation with a fine galvano-cautery point so that an equal pressure would be maintained on both sides of the tympanic membrane. He also advised treatment of eustachian tube obstruction. At that time this suggestion met with a great deal of opposition, as myringotomy was not in favour, for fear of introducing infection into the middle ear. Today clinicians see cases in which perforation of the tympanic membrane occurs during an acute exacerbation of chronic exudative otitis media, the middle ear effusion escapes and the perforation may remain open sufficiently long for resolution to take place.
There are some cases which do not resolve following all methods of conventional treatment and, in particular, the long-standing ones in which 'collapse' of the tympanic membrane has occurred. These cases have remained resistant to therapy, as it has been impossible to ventilate the middle ear satisfactorily through the eustachian tube. Armstrong (1954) , observing this and learning from his predecessors, inserted a plastic tube into the middle ear through a myringotomy. It was noted that so long as the tube remained patent and in situ, adequate aeration of the middle ear occurred and hearing was restored to within normal limits. In principle his treatment is similar to Milligan's. Armstrong (1968) uses the term 'tympanostomy tube'; it is made of polyethylene and is flanged.
This method of treatment has become almost routine as a method of ventilating the middle ear. In recent years it has been my practice in these resistant cases to perform radial myringotomies in both the mid-posterior and antero-inferior segments of the tympanic membrane. The exudate is aspirated through both openings and a Teflon tube (Shepard's grommet) is inserted through the anterior incision. It is an interesting fact that in most cases, within a short time, the contour of the drum head returns and normal hearing is restored. Experience shows that the Teflon tube remains in position much longer when placed through an anterior myringotomy rather than a posterior one. It is better to leave the tube in situ for a long rather than a short period, and it can be left with safety for many months. It is difficult to decide the necessary length of time, and long careful observation is necessary. If the tube is removed too early or is naturally rejected, the effusion usually recur, and the tube must be The lower end ofthe long process ofthe incus has lost its normal contour and the head of the stapes and the stapedius muscle are very clearly seen re-inserted. The tube will usually remain in a satisfactory position for about 6 months. Often it is rejected earlier and it only rarely remains in place longer. Occasionally, purulent otitis media has developed, but the infection resolves on appropriate antibiotic treatment. When eventually the tube is removed, the perforation of the tympanic membrane heals spontaneously. It is thought that active migration of the squamous epithelium on the surface of the tympanic membrane and the skin of the deep meatus, with crust formation, plays an important part in rejection of the tube. This is a most important reason why cases must be followed up at short and regular intervals to observe the position and behaviour of the tube. Sometimes it appears to be in a satisfactory position, but on examination with the microscope is found resting on the surface of the tympanic membrane and the perforation has healed. Often epithelial crusts are removed to help keep the tube in its correct position.
In the most resistant cases, in which the eustachian tube remains obstructed, the Teflon tube may have to be kept in position for a much longer period, possibly a number of years and perhaps until adolescence, to maintain satisfactory hearing throughout the period of school life and to avoid troublesome sequelk.
Adhesive Otitis Media Cawthorne (1956) noted only 5 examples, in which there had been no previous suppuration, in over 1,500 cases of bilateral conductive deafness. Also, in well over 600 fenestration operations only 3 cases were observed.
In the studies carried out in the 13-year age group (1,605 children), there were 38 (2-4 %) with evidence of previous exudative otitis media. In these, the tympanic membrane showed relics of previous inflammation, with atrophic changes in the membrana flaccida or posterior part of the membrana tensa and some degree of permanent 'collapse' (Fig 2) . In some of these cases, the lower end of the long process of the incus had lost its normal contour. Sometimes the incus had a thin fibrous attachment to the head of the stapes. It has been observed that even with these changes hearing is often near normal. On occasion, the atrophic membrane may be quite adherent to the incus and the stapes. Also, an atrophic, collapsed membrana flaccida may be adherent to the neck and head ofthe malleus.
In the teenage group of patients, none was handicapped by the hearing loss that had resulted from adhesive changes.
Relationship ofChronic Exudative Otitis Media to Chronic Suppurative Otitis Media
Bezold (1891) and Wittmaach (1918) stated that as a result of chronic tubal catarrh the drum collapses and forms a 'deep blinding sac' in which products of desquamation tend to accumulate, finally invading the middle ear cleft. Tumarkin (1961) presented a 'synthetic theory' of epidermosis, which supported the above theories. He used the term 'epidermosis' instead of cholesteatoma. His theory implies a two-stage process, a preliminary mechano-inflammatory stage followed by an activating process. The mechano-inflammatory stage leads to 'preepidermosis', the term used to describe exudative tympanomastoiditis. The secondary activating process leads to true 'epidermosis', which may be local inflammatory, in the sense of accumulation of squames within the epidermal sac, or it may be true otitis media. He also thought that his theory fitted in with the tissue tension one of Eigler (1949) , provided this occurred as a secondary contributing factor, only coming into action after the establishment of 'pre-epidermosis'. Eigler had drawn attention to the peculiar histological features of the skin of the deep meatus, in which there is not only a tendency to hyperkeratosis of the stratum corneum, but also a tendency for the basal cells to form solid cones which proliferate inwards.
From clinical observation it is my belief that cases of chronic suppurative otitis media, sometimes with accompanying cholesteatoma and at other times without it, result from chronic exudative otitis media in which marked 'collapse' of the tympanic membrane has occurred. This 'collapse' is identical with the 'deep blinding sac' described by Bezold and Wittmaach. In the collapsed area a dry adherent crust of keratinous debris develops, which remains static rather than migratory. This 'static crust' produces irritation and eventually destruction of the underlying squamous epithelium and ulceration results. Later exuberant granulations develop, and eventually destruction of the soft tissues of the tympanic membrane takes place with the formation of a perforation either of the membrana flaccida or the posterior part of the membrana tensa. Thus a natural path may be formed for the squamous epithelium to pass inwards from the deep meatus into the tympanic cavity, with the formation of cholesteatoma. Is it possible that this behaviour fits in with the secondary activating process suggested in Tumarkin's theory?
If epithelial crusts are recognized and removed at regular intervals, no further trauma of soft tissues will result. This is a very important reason for examining the children at frequent intervals. If a polyp has developed, it can be removed and healing of the tympanic membrane follows. Sometimes marginal perforations are seen which remain dry and inactive. In these cases there is no obvious marked activity of the squamous epithelium and cholesteatoma does not appear to develop.
Summary
Exudative otitis media is most active during the school life of children. They are usually seen for the first time about the age of 5 years, when the condition may be quite advanced. Sometimes they are seen in early infancy, but rarely after the age of 10 years.
If the condition is diagnosed at an early stage, there is an excellent chance of complete resolution with restoration of normal hearing. This may occur naturally or after conventional treatment. Some cases, particularly those not diagosed at an early stage, may progress to adhesive otitis media, with or without some degree of conductive deafness.
When 'collapse' of the tympanic membrane has occurred, a critical stage has been reached. It is possible for the inflammation to progress further and chronic suppurative otitis media, with or without cholesteatoma, may result. In these cases the eustachian tube remains obstructed and ventilation of the middle ear is obtained by inserting a Teflon tube through an anterior myringotomy. The 'collapse' of the tympanic membrane disappears and the normal contour is restored. Usually normal hearing results, but very careful and regular follow up is necessary because of spontaneous rejection of the tube. Until a satisfactory way of restoring eustachian tube function is found, this method of aeration is useful in restoring hearing and possibly in avoiding the unfortunate sequelh of adhesive otitis media or chronic suppurative otitis media. Previous communications from the Department have dealt with methods of treatment of glue ears and we felt that, if a period of two years had elapsed after treatment, some idea of its efficacy might be obtained. We therefore decided to review as many as possible of our patients who had middle ear effusions proven at operation at least two years previously. The majority of these effusions had been thick, but some were of the thinner serous type. Patients whose ears had not contained effusions at the time of operation were not included in this study.
We were able to re-examine 78 patients, with 129 ears affected, in this category. Their ages ranged from 7 to 18 years with an average of 10 years 9 months. The longest follow up was five years ten months. Fifteen patients (23 ears) had been treated initially by tympanotomy and aspiration; 33 patients (55 ears) by myringotomy aspiration, instillation of a-chymotrypsin and reverse politzerization; and 30 patients (51 ears simple myringotomy aspiration. Certain other patients followed up for shorter periods will be mentioned. We first enquired after the patient's subjective assessment of his hearing at home and at school, confirmation being sought from the parents; subjective hearing was recorded as 'satisfactory' or 'unsatisfactory'. Any episodes of earache or discharge were noted. About 25 % had had occasional earaches and about 12 % acute otitis media with otorrhoea.
In the examination, particular attention was paid to the appearance of the tympanic membranes. Any membrane whose features could not be distinguished with certainty by use of the headlight or auriscope was examined under the Zeiss microscope. Of the 129 ears examined, 79 were considered abnormal in appearance and the incidence in each group is as shown in Fig 1. Abnormal Appearances (1) The membrane appeared normal until massaged by the pneumatic speculum, when a flimsy-looking postero-superior segment flipped rapidly in and out. The lower border of this segment runs as a crescent from slightly above the umbo almost to the annulus.
(2) This lax segment was indrawn or, occasionally, ballooned out. Ballooning occurred with successful inflation of the middle ear by Valsalva's or Politzer's manoeuvres and, in one case, during normal respiration.
(3) Increasing degrees of retraction caused the tip of the long process of the incus to be seen in relief through the lax segment. (4) In the severest degrees of retraction, the collapsed membrane was wrapped round the long process of the incus, stapedius tendon and stapes superstructure, and was adherent to the promontory and margins of the round window niche. The posterior margin of the membrane was tucked away under the annulus. The average hearing loss in 9 such cases was 30 dB. (5) In 2 cases it was possible to see a gap between the tip of the long process of the incus and stapes head.
(6) The stapes head could be seen standing in isolation under the retracted membrane. In 5 such cases, not all in the two-year follow-up group, the average hearing loss was 15 dB. These appearances have been described as a progression and can readily be envisaged as such, though this sequence was not observed in any one patient in this series. As has been often observed, any of these appearances may be seen in an adult unaware of any previous ear disease. Whether the slighter abnormalities represent failure to progress to, or partial recovery from, a more severe form it is difficult to say.
